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Abstract 
Displacement restrainers of the superstructure in the transverse direction of the isolated bridge are usually installed to 
protect expansion joints from damage during earthquake. Steel side blocks, one of the displacement restrainers, are 
set near both sides of isolating bearings. Here, a more rational seismic response of the isolated bridge in the 
transverse direction can be considered to be that the displacement of the superstructure during a small and moderate 
earthquake like Level 1 Earthquake defined in the JSHB (Specification of Highway Bridges) is restraint and the 
displacement during a strong earthquake like Level 2 Earthquake is released to mitigate damage of bridge pier and/or 
base structure and to enhance redundancy against a strong earthquake. For instance, steel side block, improved to 
have a knock-off function, will provide these responses of the isolated bridge.  
This study describes the outline of the side block with slit, which is developed by the authors to control the breaking 
load accurately. The breaking characteristics of the side block with knock-off function are verified through static 
breaking test using down-sized specimens with changes in dimension of the slit, like cross-sectional area and height 
of the slit. Also analytically clarified is the installation effect of the side block on dynamic response of the isolated 
bridge structures. 
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1. INTRODUCTION
Seismic isolation works to reduce the reaction force delivered to the substructures, like bridge pier and 
base structure, and is mainly considered in the longitudinal direction of a viaduct in the seismic design. 
The transverse displacement of the isolating bearings is usually restraint by the side block, one of the 
displacement restrainers of a column type (JRA 2002). 
In considering a more effective and rational use of the isolating effect of the isolating bearing, the 
isolating effects not only in the direction of the bridge axis but also in the transverse direction is to be 
considered in the seismic design of the viaduct. Here, preferably required as the joint protector is the 
device fixing the move of superstructure against a small and moderate earthquake, which sometimes 
occurs during the bridge design life, and releasing it against a strong earthquake, which rarely occurs but 
has strong energy. As one of knocking-off members providing these isolation processes, an improved 
steel side block by installing a slit into it is focused on in this study. This slit type steel side block with the 
knock-off function is hereafter called CSB (Rapture Controllable Side Block). 
In this paper, the revised design formula of the CSB is proposed based on static breaking test. The effect 
of the CSB is analytically verified by focusing on the dynamic behaviors of the viaduct. 
2. Side BLOck WIth Knock-OFF FUNCTION 
2.1. Overview of CSB 
The CSB is set aside of the laminated rubber isolating bearings. The slit is installed at the compressive 
lower part of the column, as shown in Fig. 1. A filler plate, for instance, PTFE plate, is inserted into the 
slit to mitigate the bending deformation of the column up to the breaking and to reduce friction force 
within the slit. As shown in Fig. 2, the CSB is designed when applied horizontal load or displacement firstly 
comes up to a limited value expected in the design. 
 
(a) Front view                                                  (b) Side view                               (c) Cross section(Y-Y)       (d) Stress condition 
Figure 1: Shape of the CSB with symbols for design formulae. 
(a) Setting of CSB                                        (b) Deformation of isolation bearing                                   (c) Break of CSB 
Figure 2: Breaking process of CSB. 
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The rolled steel for welded structures (SM490A, JIS G3106) can be recommended as a material for the 
CSB because of its stable tensile strength and cheaper cost. For instance, both the lowest and the highest 
value in the tensile strength of the rolled steel is regulated in JIS G3106 to be 1.23 to 1.28 in the 
differential ratio of them. 
2.2. Design formula 
Design equations (1) and (2) are prepared for the CSB and derived from the equilibrium of working stress 
on condition that the connected part of the CSB breaks when the working shear stress reaches to Ĳu, as 
shown in Fig. 1 (Sakaida et al. 2003). A correction factor, ȕ is employed in Equation (2) to consider the 
effect due to the loading speed and ȕ = 0.9 is decided by referring to the results in dynamic breaking test 
(Asada et al. 2008). 
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where ıc, ıt, and Ĳ =compressive, tensile and shear stress at the connected part; ȝ = friction factor at the 
contacted part; Ĳu and ıu = shear and tensile strength of steel; ıy = yield stress of steel; H = horizontal 
load; A = depth of the column; B = width of the column; C = depth of the connected part; h2 = height of 
the loading point from the slit; and ȕ = correction factor considering dynamic loading. 
2.3. Static breaking test 
Static breaking tests were carried by focusing on influence of A/B, C/B , height of the slit, hs and height of 
the loading point, h2 on the breaking load of the CSB. The loading speed was set about 0.00003 m/s and 
downscaled specimens, 1/2 scale of an actual dimension of the CSB were used in the test. PTFE palate 
was inserted into the slit. 
2.3.1. Influence of A/B and C/B on breaking characteristics 
Specimens A-1 to A-5 are the CSB specimens with different values in A/B and C/B. C/B indicates the 
shape of the connected part of the CSB and (A-C)/A does a slit ratio against column depth, A. hs = 1.5 mm 
and h2 = 61.3 mm are adopted in the specimens. 
The test results are summarized in Fig. 3(a) and Table 1 (Yoshida et al 2003). All the specimens show 
brittle break at the connected part. The specimens A-1, where the slit ratio = 85%, A/B = 4 and C/B = 0.6, 
take at 152.1 kN of the maximum load, which is about 1.1 times the design breaking load and show the 
best agreement with the design breaking load among the specimens. The fluctuations of the breaking load 
among the prepared 3 specimens of A-1 are just within about 10% from the design breaking load (Sakaida 
et al. 2004). 
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Table 1: CSB specimens with differences in A/B and C/B 
Specimen 
No. 
(A-C)/A A/B C/B hs h2 
Breaking 
Displacement 
įu 
Breaking
load 
Design 
Breaking 
Load 
Test breaking 
load divided 
by design one 
 (%)   (mm) (mm) (mm) [1](kN) [2](kN) [1]/ [2] 
A-1-1 
85 3.86 6.33 
1.5 61.3 
5.6 152.1 
140.7 
1.08 
A-1-2 5.4 155.8 1.11 
A-1-3 4.4 155.0 1.10 
A-2 80 3.86 0.79 6.8 215.3 188.2 1.14 
A-3 90 3.86 0.39 5.1 109.3 93.6 1.17 
A-4 80 4.70 0.96 6.8 191.3 157.4 1.22 
A-5 90 2.51 0.26 6.0 184.8 144.6 1.28 
Table 2: CSB specimens with differences in hs and h2  
Specimen 
No. 
(A-C)/A A/B C/B hs h2 
Breaking 
Displacement 
įu 
Breaking
load 
Design 
Breaking 
Load 
Test breaking 
load divided 
by design one 
 (%)   (mm) (mm) (mm) [1](kN) [2](kN) [1]/ [2] 
A-1-6 
85 3.86 6.33 
0.3 
61.3 
4.8 151.8 
142.9 
1.06 
A-1-7 1.5 8.0 150.3 1.05 
A-1-8 3.0 8.9 152.3 1.07 
A-1-9 
1.5 
30.7 6.0 155.5 139.5 1.09 
A-1-10 5.0 4.2 160.0 136.8 1.17 
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Figure 3: Relationship between load and displacement.  
Figure 4: Relationship between Break displacement and hs and h2.  
2.3.2. Influence of hs and h2 on breaking characteristics 
To verify the influences of the height of the slit, hs and the loading point, h2 on the breaking 
characteristics of the CSB, the specimens listed in Table 2 are prepared. The specimens A-1-6 to A-1-10 
have the same dimensions as the specimens A-1 on Table 1 but have different values in hs and h2.  
The test results are summarized in Fig. 3(b) and Table 2. The maximum load of the specimens A-1-6, A-
1-7, and A-1-8, with different value in hs, take at about 1.06 times the design breaking load, as the results 
mentioned in 2.3.1 but the breaking displacements decrease as hs takes smaller as plotted Fig. 4(a). This 
indicates the height of the slit, hs hardly influences on the maximum load of the CSB and the breaking 
displacement of the CSB can be controlled by changing hs. The maximum loads of the specimens A-1-7, 
A-1-9, and A-1-10, with different values in h2, increase as h2 becomes smaller as plotted Fig. 4(b). This is 
because the tensile stress, ıt in Fig. 2, generated due to the bending moment in the connecting part is 
changed by h2. Then the breaking displacement, Gu is calculated by Equation (3) which is experimentally 
obtained form Fig. 4.  
78.403.073.0 2 uu hhsuG                                                                                                        (3) 
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Breaking mechanism of the CSB was clarified by the image measurement for the specimen A-1-7. The 
breaking mechanism of the CSB can be explained based on Fig. 5 as follows; (i) the connecting part 
deforms as a cantilever column subjected to bending moment, (ii) the slit shuts by 0.5 degree. After that 
compressive force is generated in the slit as shown in Fig. 1(d) and the column part deforms and indicates 
37.1 kN/mm of the first rigidity as plotted in Fig. 5(a). Then, (iii) the connecting part reaches to yield state 
and shear deformation of the connecting part can be observed remarkably, (iv) the slippage initiates from 
the lower tip of the slit and shear strain is 0.33 at this moment, (v) crack occurs at the tip of the slit, (vi) 
the CSB breaks at the connecting part, where the crack developed as the displacement becomes large.  
Judging from the breaking process of the CSB, the CSB breaks due to the crack initiation at lower tip of 
the slit and the crack development through the connecting part. Therefore the maximum load of the CSB 
can be controlled by the shape of the connecting part, B×C and the breaking displacement will be 
controlled by hs and h2. 
3. DYNAMIC RESPONSE ANALYSIS OF VIADUCT 
3.1. Analytical model 
Dynamic response analysis of a viaduct with 3 spans subjected to the seismic loading in the transverse 
direction was carried out to verify the application effect of the CSB. The superstructure of 1,332 tf is 
supported by 4 bridge piers. Bridge piers are modeled by beam-column element, the superstructure is 
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Figure 5: Breaking mechanism of CSB (Specimen A-1-7). 
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modeled by the rigid beam element, the isolation bearing and side blocks are modeled by the spring 
element. The seismic accelerations wave of Level 1 Earthquake (Itajima lg) as a small and medium 
earthquake and Level 2 Earthquake (Port Island EW) as a strong earthquake defined in JSHB are input to 
the transverse direction of the viaduct. 3 types of the analytical models; CSB, SB and no_SB, are 
prepared. The SB supposes the side block without the knock-off function and no_SB does no application 
of any displacement restrainers in the bridge. The breaking load of the CSB is set as the yield load of each 
bridge pier so that the CSB breaks before the yield state of the bridge pier. Details of analytical model are 
described in Asada et al. 2008. 
3.2. Results of analysis 
In the following discussion, our attention is paid to the seismic response of the bridge pier P2 and the 
bearing B2. In case of the Level 1 Earthquake, the maximum response of the transverse displacement of 
each model indicates within the yield displacement of P2. The time histories of the relative displacement 
between the top of P2 and the superstructure are shown in Fig. 6. The result indicates that the relative 
displacement takes the largest in the case of no_SB and some expansion joint protector against the Level 
1 Earthquake is surely required to protect the expansion joints.  
Against the Level 2 Earthquake, the bridge piers show the elasto-plastic behaviors in the case of SB as 
shown in Fig. 7. The relative displacement between P2 and the superstructure is plotted in Fig. 8. In the 
case of no_SB, the relative displacement takes the largest but the displacement of the pier is limited 
within elastic state. In the case of SB, the relative displacement takes the minimum but the maximum 
response displacement of the pier takes larger than the yield displacement of P2 and the large residual 
displacement is observed. On the other hand, in the case of CSB, the maximum relative displacements are 
obtained at 5.06 s and 5.47 s when the CSB breaks. The maximum response displacement of the pier 
takes within the yield displacement of P2 and the residual displacement of the pier is not observed.  
Therefore, the CSB effectively works and can provide the functions as the joint protector against the 
Level 1 Earthquake and as the knock-off member against the Level 2 Earthquake. Here, when the relative 
displacement is 0.301 m, the expansion joints will be crashed. Therefore, the contacts and/or collisions 
between the expansion joints should be considered in further investigation. 
 
 
Figure 6: Time history of relative displacement of the bearing at P2 (Level 1 Earthquake). 
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Figure 7: Time history of transverse displacement at top of P2 (Level 2 Earthquake). 
 
Figure 8: Time history of relative displacement at top of P2 (Level 2 Earthquake). 
4. CONCLUSIONS 
For more effective and rational use of side blocks, which is usually installed as a joint protector to limit 
the transverse displacement in an isolated viaduct, the steel side block with a slit has been proposed by the 
authors and is named as CSB. The CSB is expected to work as joint protector during a small and middle 
earthquake and to release the displacement against a strong earthquake. 
Then the breaking characteristics of the CSB are verified through static breaking test using the down-
scaled specimens and the application effect of the CSB into an isolated bridge is analytically clarified in 
this paper. 
It is experimentally revealed that the CSB breaks due to the crack initiation at lower tip of the slit and the 
crack development through the connecting part. Therefore the maximum load of the CSB can be 
controlled by the shape of the connecting part, B×C. The breaking displacement of the CSB will be 
controlled by hs and h2 and the formula based on the test results is proposed to calculate the breaking 
displacement. 
It can be concluded based on the analytical results that the CSB can be designed as both the joint 
protector against the Level 1 Earthquake and the knock-off member against the Level 2 Earthquake by 
providing isolating effect in the transverse direction. The contacts and/or collisions between the 
expansion joints should be considered in further investigation. 
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